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INTRODUCTION 
Downy brome ( Bromus tectorum G .) is a serious competitor with win­
ter wheat ( Triticum aestium L.). Winter wheat acreages in S outh Dakota 
have increased from 222, 58 5 ha in 197 0 to 40 5, 0 0 0  ha in 197 6 (25). Many 
of S outh Dakota's winter wheat fields are infested with d owny brome seed. 
Yield s may be red uced if d owny brome becomes established after seeding 
winter wheat. 
A competition stud y conducted in Oregon d isclosed that 160 d owny 
brome plants/m2 lowered wheat yield s 6% if eliminated by March. Allow­
ing th e downy brome to persist until harvest depressed wheat yields 40 % 
(24). Average precipitation was similar to the average precipitation in 
S outh Dakota. Yield losses of this magnitud e could cost S outh Dakota 
farmers over 12 million d ollars annually. 
Downy brome is well suited to survive cultural practices involved 
in winter wheat prod uction. The weed is a winter annual and grows well 
at temperatures cold enough to slow growth of winter wheat (24). There­
fore, downy brome is most competitive in spring and early summer. 
Isopropyl-N- phenyl carbarnate (IPC) is a herbicide which can control 
d owny brome in alfalfa (Med icago sativa L.) .  However, d owny brome con­
trol in winter wheat with IPC has been erratic (13) . In some tests, 
poor d owny brome control was obtained , but in other tests, injury to 
winter wheat was observed . 
The purpose of th is stud y was to investigate control of d owny brome 
in winter wheat with PPG 135. PPG 135 is a mixture of IPC and p- chloro­
phenyl-N- methyl carbamate (PPG 124). A knowled ge of ·the factors. 
2 
affecting activity of PPG 135 may prove essential to provid e successful 
control of d owny brome. 
3 
REVIEW OF LITERATURE 
IP C was d iscovered by Templeman and S exton in 1946 wh ile experiment­
ing with various carbamates (10 ). IPC was the first carbamate to be 
used as a herbicide. Partially because of this IPC was expected to be­
have in a manner similar to 2 ,4-D. However, stud ies soon proved that 
IPC does not cause rapid cell d ivision of end od ermis or pericycle as 
does 2 ,4-D (11). The herbicid e blocks cell division and ind uces poly­
ploid nuclei causing young meristematic cells and cortical and stellar 
root cells in the region of elongation to undergo cell enlargement (6). 
Also, annual grasses d evelop thicker and shorter coleoptiles (2 0 ) .  Rice 
(Oryza sativa L. ) shoots treated with IPC at 2 ppm remained alive but 
became d ark green, h ighly cutiniz ed or leathery. Furth ermore, IPC in­
creases prod uction of tillers on wheat seedlings and prod uction of ad ­
ventitious roots on older plants at low concentrations as opposed to 
inhibition of these tissues by 2 ,4-D (2 2 ). IPC inhibited growth of 
cereal plants when applied at planting or to seedlings but was less ef­
fective wh en applied to old er plants (2 6 ,6 ) .  
Application o f  IPC t o  shoots of young oat (Avena sativa L . ) and 
barley plants (Hord eum vulgare L. ) d id not red uce yield s, but applica­
tion to soil in which young oat and barley plants were growing did re­
duce yields (4). These results indicate that sh oot uptake of IPC is not 
sufficient to cause injury, but roots absorb enough chemical to inhibit 
growth. In another study, IPC applied to quackgrass (Agropyron repens L.) 
at emergence, or when 7.6 , 15 .2 , and 2 2 .9 cm-tall controlled quackgrass 
18 . 2 , 6 . 5 , 18 .2 , and 68. 3% , respectively (8 ). IPC was less effectiv
e 
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when applied to quackgrass 22.9 cm tall than when applied earlier. A 
poss ible explanation for this might be that at 22. 9 c·m tall, the roots 
were d eveloped and penetrated deeply into the soil. At 15 .2 cm tall, 
root systems would not be as extensive. Therefore, the roots would be 
more s usceptible to IP C. Further studies showed that emergence of quack-
grass seedlings was prevented by applying 1.78 kg/ha of IPC to the soil 
surface. Less control was obtained when IPC was incorporated 18 .1 cm 
than when incorporated 2.5 cm. The results of this stud y ind icate that 
IPC is d iluted when mix ed in the soil. The concentration of IPC near 
the surface is d ecreased which results in reduced control (1) . 
Intact roots absorbed 14c-IPC,  but intact leaves did  not absorb 
appreciable amounts of the chemical (2). Again, this implies that the 
chemical is most effective when applied to the soil allowing uptake by 
roots. Absorption through roots was greater in corn (Zea mays L.) than 
in oats which ind icates a specific d ifference in root absorption (2) . 
P henylcarbamates are d egraded by soil microorganisms (15 , 19) . As 
shown above, IP C is mos t effective as a soil- applied herbicid e. However, 
control may be inad equate if soil microorganisms d egrad e the chemical 
before weed seed s germinate. 
Soybeans (Glycine� L.) were planted in soil treated with IP C 
34, 51, and 90 d ays after spraying. Soybean germination wa
s O, 40 , and 
o • 1 (3) Furthermore, soybean growth increas ed as time 90 �, respective y . 
between s praying and seed germination increased . 
This indicates that 
the · t d b  s il microorgan
isms (18 ) .  
carbamate was inactiva e Y o 
In another study, IPC was incub_a
ted in soil at 10 , 15 , 20 , 25 , and 
5 
30 ° C and emergence of quackgrass was O, 40 , 5 0 ,  8 0 , and 10 0 % ,  respectiv e­
ly (19 ). IPC persist ed more t han ni ne weeks in aut oclaved soil but less 
t han t wo weeks i n  non- aut oclav ed soils. The ex periment was t erminat ed 
aft er nine weeks because t here was no evidence of d ecreased t oxicit y of 
IPC i n  aut oclav ed soi l (19). Summer appli cat i ons of IPC are biologi cally 
activ e  for only a short period of t i me, but fall applicati ons last long­
er (2 1) . The short t i me t hat IPC is active in soil limit s it s effective­
ness in cont rolling weed s t hat germinat e t hroughout t he growing season 
(7). 
Temperat ure, ai r flow, soil moist ure, and cat i on- exchange capacit y 
(CEC) of t he soil i s  i mport ant . Vapor losses of IPC i ncrease as tempera­
t ure and air flow increase. Losses of IP C were 8 %  at 2 0 ° C and 2 5 %  at 
35 ° C. Volatili z at ion of IPC i s  negligi ble from d ry soil but appreciable 
from soil at fi eld capacit y. Losses from moist soil d ecrease as percent 
clay , organic matter or CEC increase (2 0). 
Water aids in d et oxi fication of IPC by leachi ng t he chemical from 
t he soil and by prov id ing a suit able envi ronment for mi crobial activit y .  
IPC i s  d ist ribut ed t hroughout t he soil profile wit h ample moist ure and 
adequat e d rainage as shown i n  a st udy by Freed. Oat seedlings were 
used as a bi oassay t o  moni tor mov ement of IP C in soil columns filled wit h  
a Chelli s fine, sandy loam. IPC inhibit ed growt h of oat s seedli ngs at 
each sampling d ept h. This i nd icat ed that wit h ad equat e moist ure, IPC 
moved t hrough t he soil profile (11 ). 
Because of t he rapid degrad at ion of IPC by soil microorgani sms, 
d owny brome seedlings must germinat e uni formly if t hey are t o  be 
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cont rolled. U niform germinat ion is not a charact erist ic of most weed 
species. Seed s of downy brome are init ially wit hout dormancy, but seeds 
t hat d o  not g'erminat e in fall acquire dormancy while overwint ering in 
t he field (8 ). Acquisit ion of d ormancy prevent s uniform germinat ion and 
red uces cont rol d ue t o  t he limit ed period t hat IP C i s  active in t he soil. 
Int erest i n  IPC was rev iv ed when PPG 12 4 was found t o  ext end weed 
cont rol by st rongly inhi bit i ng t he microbial d egrad at i on of IPC .  PPG 
12 4 is a met hyl carbamat e t hat competit ively inhibit s t he enz y me t hat 
hyd rolyz es IPC. Persist ence of-isopropyl m- chloro- carbanilat e (CIPC) 
was d oubled when coupled wit h  PPG 124 (16 ) .  PPG 12 4 is mod erat ely mo­
bile in t he soil and it s movement i s  equal t o  IPC (14). 
Most dicot yled onous plant s are not as sev erely injured by IPC as 
are grasses. Cont rol of d owny brome was almost complet e when IP C was 
applied at rat es high enough t o  effect cont rol before d egradat ion (11, 
2 3). Applicat ion of 2 . 24 kg/ha of IPC red uced weed yields of downy brome 
and annual broadleav es from 708 kg/ha t o  401 kg/ha. Alfalfa y i elds t hen 
increased from 2 36 7  kg/ha t o  245 5  kg/ha. The combi nat i on of 1. 12 kg/ha 
each of IPC and PPG 12 4 furt her red uced weed yields t o  178 kg/ha, and 
alfalfa yields increased t o  2 8 71 kg/ha (12 ) .  Howev er, cont rol has been 
errat ic in reduci ng d owny brome i n  est abli shed alfalfa wit h  PPG 135 (13). 
Therefore, conditions known t o  i nfluence effect iveness of IPC were 
st udi ed t o  det ermi ne t he effi cacy of PPG 135 for d owny brome cont rol in 
wint er wheat .  
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METHODS AND MATERIALS 
Downy brome seed was coll ected from mature pl ants in mid -summer of 
1974 and 1975 near Martin, S outh Dakota. S ix experiments were conducted 
to id entify £actors that affect the control of d owny brome in winter 
wheat. 
Activity of PPG 135 as I nfl uenced by Growth S tage of Downy Brome 
A stud y was cond ucted in the greenhouse to id entify the growth 
stage of d owny brome most susceptibl e to PPG 135. PPG 135 was appl ied 
at 0.5 6 , 1.12 , 1.68 , and 2 .24 kg/ha to d owny brome which had been pl ant­
ed for 0 ,  7 , 13, 2 8 ,  and 37 d ay s. This correspond ed t� appl ication at 
the preemergence, 1 to 2 ,  2 to 3, 3 to 4, 5 ,  and 5 to 6 -l eaf stages. 
Data was col lected 33 d ay s  after spraying. 
The seed s were pl anted 1.9 cm d eep in containers 6 .9 x 6 .9 x 18 cm. 
The pots were top watered until saturated , and d rainage was provid ed at 
the bottom. S eed l ings were thinned to five/pot. S oil used in this 
experiment was a greenhouse mixture of 2 /3 l oam and 1/3 med ium-grained 
sand. Organic matter was 2 .7% and pH was 7.4. The soil was cond itioned 
with a fl ail chopper to obtain uniform-sized soil aggregates. Reference 
to a greenhouse soil in the fol l owing experiments refers to this mix­
ture. Furthermore, the cartons used to grow seedl ings were of the ty pe 
d escribed above unl ess otherwise stated. S oil temperature averaged 24° C 
during this experiment. Artificial l ight suppl emented natural l ight to 
provid e a 14- hour photoperiod . 
PPG 135 was appl ied in 18 7 l iter/ha of water at a pressure of 2 .1 
8 
kg/cm2 for all experiment s. A reciprocat ing pot spray er wit h a TeeJet * 
8002 nozz le was used t o  apply the chemical in t he downy brome and wint er 
wheat growt h stage st udies. 
I njury was evaluat ed by visually est imat ing root damage, measuring 
plant height , fresh weight , and dry weight of shoot s.  P lant root s were 
washed free of soil, and a visual est imat e of root growt h was made by 
comparing root s of t reat ed plant s t o  con t rols. Shoot lengt h was det er-
mined as t he av erage lengt h of shoot s aft er separat ion from root s. Shoot s 
were weighed fresh and t hen placed in a forced air d ry er. Dry shoot 
weight was recorded when no furt her moist ure loss was observed. Experi-
mental design was a randomiz ed complet e block wit h six.replicat ions. 
Act ivit y of PPG 135 as Influenced by G rowt h Stage of Wint er Wheat 
Suscept ible growt h stages were det ermined by t reat ing t he preemer-
gen ce, 1 ,  2 ,  3, 4, 5, and 6 - leaf stages wit h PPG 135. Cent urk wint er 
wheat was plant ed 2 . 5 cm deep in a greenhouse soil mixt ure. Applicat ion 
of PPG 135 was made O, 6 ,  11, 15, 2 0 , and 2 5  day s  aft er plant ing. 
PPG 135 was applied at 1. 12  and 2 . 2 4  kg/ha in 187 lit ers/ha of 
wat er through a TeeJet 80 0 2  noz zle at a pressure of 2 . 1 kg/cm2 . Aft er 
spray ing, t he pot s were moved t o  a growt h chamber where t he t emperat ure 
was maintained at lOo C. P lant s were prov ided wit h 10 0 rnicroeinst eins 
rn-2 sec-l of light in t he 400 - 70 0  nm range f or 14 hours each 2 4-hour 
period. Experimental design was a rand omiz ed complet e block wit h six 
replicat ions. Injury due t o  applicat ion of PPG 135.was det ermined in 
·�·:Ment ion of a t rad ename d oes not imply it s approval t o  t he ex­
clusion of ot her prod uct s t hat may also be suit able. 
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t he same manner described in t he downy brome growt h stage st udy .  
Act ivit y of PPG 135 as Influenced by Temperat ure 
Soil t emperat ure was varied from 10 . 0, 18. 3, and 2 6 . 7° C t o  t est 
effect of t emperat ure on act ivit y of PPG 135 . Downy brome seedlings 
were t reat ed wit h 2 . 24 kg/ha of PPG 135 at t he 2 - leaf st age. 
Downy brome was t reat ed wit h a reciprocating pot spray er, apply ing 
t he herbicide in 187 liters/ha of wat er using a TeeJet 80 0 0 6 7  nozzle at 
a pressure of 2 . 1  kg/cm2 . Aft er spraying, t he pot s were moved t o  t he 
growt h chamber and held at t he appropriat e t emperat ure. This required 
t hat t he experiment be repeat ed f or each t emperat ure t est ed; hence, only 
one t emperat ure regime could be complet ed in a single t rial. 
Wat er at t he rat e of 150 ml was added t o  each pot as needed . This 
minimized moist ure st ress on seedlings grown at warmer t emperat ures. 
P lant ing dept h of presoaked downy brome seed was 1 . 9 cm in a greenhouse 
soil mixt ure. Six replicat ions of each t reat ment were incorporat ed int o 
a randomized complet e block design. The downy brome seedlings were 
evaluat ed 2 2  day s aft er applicat ion of t he herbicide. 
Act ivit y of PPG 135 as Inf luenced by Dept h of Seeding 
I nfluence of dept h of seeding on t oxicit y of wint er wheat t o  PPG 
135 was st udied by plant ing Cent urk wint er wheat at various dept hs. 
P lant ing dept hs were 2 . 5, 3. 8, and 5. 0 cm deep. The seeds were plant ed 
in a Hecla loamy , fine sand which had 3% organic mat t er and a pH of 
8. 1. 
A reciprocat ing pot spray er was used t o  apply 1. 12 and 2 . 2 4  kg/ha 
of PPG 1 35 t hrough a TeeJet 80 0 06 7  noz z le deli vering 1 87 liters/ha of 
water at a pressure of 2 . l  kg/cm2 . Each t reat ment was replicated six 
times in a randomiz ed complete block design. 
Wheat seedlings were spray ed in the 1 t o  2 - leaf stage and placed 
1 0  
i n  a growth chamber where a 1 0° C t emperature was maintained . The photo­
period was 1 4  hours each 2 4- hour period . The wheat seedlings were 
evaluated f or herbicidal injury 44 days af ter spray ing. 
Activit y of PPG 1 35 as I nf luen�ed by Residue Barriers 
Root or shoot uptake of PPG 1 35 was det ermined by applicat ion to 
f oliage and to soil. The effect of wheat st raw residue on efficacy of 
PPG 135 f or downy brome cont rol was also det ermined . 
The eff ect of shoot uptake was determined by spray ing PPG 1 35 onto 
t he foliage of downy brome seedlings. Contamination of t he soil wit h 
herbicide was prevented by covering t he soil wit h  2 cm of vermiculite. 
The vermiculite was removed aft er spraying. The additional effect of 
root uptak e was det ermined by spraying PPG 1 35 on the greenhouse soil 
mixture so that f oliage and soil were in cont act with the spray . Drop­
let siz e was varied by application t hrough TeeJet 80 02 and 80 0 06 7  noz ­
z les. Crop oil at the rate of 9. 5 liters/ha was added to enhance foli-
ar uptake.-
Finely- ground wheat straw amount ing to 1 . 12 ,  2 . 2 4, and 4 . 48 met ric 
tons/ha was layered on the surface of the greenhouse soil mixture. The 
effect of various rates of wheat st raw residue on PPG 1 35 could be 
evaluated. 
Downy brome was t reated wit h 2 . 2 4 kg/ha of
 PPG 1 35 in the 2- leaf 
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stage. A bicy cle spray er was used to apply t he chemical in 187 lit ers/ha 
of wat er and at a pressure of 2 . 1 kg/cm2 t hrough TeeJet 80 0 2  and 80 0 0 6 7  
nozz les. Af t er spraying, t he pot s were moved t o  a growt h chamber. Tem­
perat ure was kept at 10° C in t he covered vs. bare soil st udy . In t he 
wheat st raw residue st udy , t emperat ure in t he growt h chamber was 18° c. 
A 14- hour phot operiod was maintained in each t est . A randomiz ed complet e 
block design was used wit h six replicat ions. Measurement s as described 
in prior greenhouse and growth chamber experiment s  were t aken 21 and 36 
day s, respect ively , af t er applicat ion t o  covered vs.  bare soil and 
applicat ion over various rat es of wheat straw residue . 
Act ivit y of PPG 135 as Inf luenced by Clay and Organic Mat t er 
Eff ect of clay and organic mat t er on efficacy of PPG 135 was det er­
mined using f ive soils. The charact erist ics of t hese soils are discussed 
in t he result s and discussion sect ion (p. 2 6  ) .  Cent urk wint er wheat was 
used as a bioassay of chemical act ivit y .  
The seeds were plant ed 5 cm deep in each soil. The wheat was 
spray ed when in t he 2 - leaf stage wit h 2 . 2 4 k g/ha of PPG 135 . A bicycle 
spray er was used t o  apply t he herbicide in 187 lit ers/ha of wat er at a 
pressure of 2 . 1 kg/cm2 t hrough TeeJet 800 2  noz z les. Experimental design 
was a rand�miz ed complet e block wit h six replicat ions. 
Aft er spray ing, t he plant s were placed in a growt h chamber. Tem­
perat ure was maintained at 10 ° C and a 14- hour phot operiod was used. 
The seedlings were evaluat ed for injury 1 9  days aft er spraying. 
Vert ical movement of PPG 135 was evaluat ed in t he Hecla, Maddock, 
Glenham, and Opal soil series. Plast ic pipe, 8 . 8 cm in diamet er by 40. 0 
12 
cm long, was drilled with 1 . 9 cm holes at intervals of 2 . 5  cm . These 
holes wer·e sealed with water- proof tape before f illin g th.e columns . A 
wire screen was affix ed to the bottom of each column to.retain soil but 
allow drai nage. Soil columns we�e established by screenin g each soil 
through a 1 . 2 5  cm sieve an d packin g each column to a uniform bulk 
den sity . 
Each column was inf iltrated with en ough water to brin g the soil to 
f ield or 3/4 f ield capacity .  Field capacity was det�rmin ed as the 
amount of water required to saturate the soil at 1/3 bar (9). After 
infiltration, each column was allowed to drain f or 48 hours. Ambient 
temperature was main tain ed at 2 -5° C. Then ,  one ml of .PPG 135 was.mixed 
in 1 50 or 300 ml of water. Each was added to a column containing soil 
at field capacity and to a column containing soil at 3/4 field capacity . 
The herbicide was allowed to percolate through the soil profile f or 
48 hours. Then, the columns were laid horiz onta� and the tape was re­
moved . Cen turk winter wheat was plan ted in each hole of each colwnn to 
monitor the movement of PPG 135. Three seeds/hole were planted to re­
duce the possibility that absence of a plant would be due to poor ger­
mination or seedling vigor. After emergen ce, the seedlin gs were thinn ed 
to one plan t/hole. Twelve days after emergence, the n umber of plants/ 
column were counted. 
One soil series was evaluated in each trial; this required the ex-
periment to be repeated f our times. The ex periment was analyz ed as a 
ran domized complete block design . Soil temperature in the greenhouse 
averaged 2 2 . 2 - 2 4. 0° C f or all soil series tested . 
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RESULTS AND DISCUSSION 
Activity of PPG 1 35 as Influenced by Growth Stage of Downy Brome 
Downy brome was treated with 0 . 56 ,  1. 12 , 1 . 6 8, and 2 . 2 4  kg/ha of 
PPG 1 35 at the preemergence, l to 2 ,  2 to 3, 3 to 4, 5, and 5 to 6 - leaf 
stages. I njury to downy brome was evaluated by visually estimating coro­
nal root growth, measuring shoot length and obtaining f resh and dry 
weight of shoots. 
P reemergence applicati on of PPG 135 did not reduce the growth of 
downy brome. PPG 1 35 injured downy brome in the l to 2 -leaf , and 2 to 
3-leaf stage when applied at a rate of 1. 12 kg/ha. The 3 to 4- leaf, 5-
leaf , and 5 to 6 -leaf stages required 2 . 24 kg/ha of PPG 1 35 to produce 
consistent injury. These data are presented in Table 1 .  
The downy brome growth stage study was conducted in the greenhouse. 
Temperature in the greenhouse averaged 24° C which influenced persistence 
of the herbicide. Warmer temperatures and moist soil are conducive to 
growth of microorganisms which degrade pheny lcarbamates (21 ). Under 
f ield and laboratory conditions, soil microorganisms have been shown to 
inactivate I P C  within f our weeks (21). PPG 1 35 would not persist long 
under these conditions. The warm temperature was maintained in ·this 
study to identify the most susceptible growth stage of downy brome to 
PPG 1 35 .  
PPG 1 35 is a mitotic poison which disrupts growth in the meriste-
matic regions of developing roots. PPG 135 was most inhibitory to coro­
nal roots as compared to seminal roots. Coronal roots are necessary to 
supply water and nutrients to the plants as they 
mature. Seminal roots 
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become less important with maturity . P lants lacking good coronal root 
development are less competitive because they are unable to compete for 
water and nutrients. 
In these greenhouse and growth chamber experiments, PPG 1 35 severe­
ly injured coronal roots of downy brome and winter wheat, but shoot 
length and weight of fresh and dry shoots were not reduced proportion­
ately . An ex planation of this might be that water and nutrients were 
readily available, and competition for light or space was not a limiting 
factor. In this environment, a minimal root sy stem would produce sub­
stantial growth. However, under field conditions, a healthy and exten­
sive root sy stem is necessary to maintain plant growth·when competition 
exists. P lants having a poorly -developed root sy stem are not likely to 
survive or remove enough water or nutrients to be detrimental to the 
crop . The action of PPG 1 35 is to reduce the growth of downy brome; 
therefore, winter wheat becomes dominant and "starves" out the downy 
brome. 
P reemergence application of PPG 135 did not control downy brome 
because coronal roots were not growing when the herbicide was applied. 
Before coronal roots began developing, degradation of PPG 135 probably 
occurred. Also, PPG 1 35 is subject to leaching in the porous soil mix ­
ture. Leaching would remove the chemical from t he root z one. P ossibly , 
the herbicide became diluted as it was distributed through the soil pro-
file, or it was leached out of the pot.  
The l to 2 - leaf and 2 to 3-leaf stages of downy
 brorne were most 
susceptible to PPG 1 35 because the root sy stem
 was not deep or extensive. 
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Root growt h was inhibit ed because t he chemical was near t he soil surface 
and present in higher concent rat i ons when t aken up by root s. PPG 1 35 was 
able t o  disrupt t he root growt h before microorganisms could degrade t he 
chemical. 
Table 1 .  The effect on fresh shoot weigh t ,  dry shoot weight , plant 
height , and coronal root s of downy brome t reat ed wit h four 
rat es of PPG 135 at six st ages of growt h .  
kg/ha of 
PPG 1 35 
0 
0 . 56 
1 . 12 
1 . 6 8 
2 . 2 4 
0 
0 . 56 
1 . 1 2 
l. 6 8  
2 . 2 4  
0 
0 .56 
1 . 12  
1 . 6 8 
2 . 2 4 
0 
0 . 56 
1 . 1 2 
l. 6 8  
0 
0 . 2 0 60 a 
0 . 2 833 a 
0 . 31 33 a 
0 . 1 6 6 7  a 
0 . 186 0  a 
0 . 0 46 3  a 
0 . 0 588 a 
0 .0 40 7  a 
0 .0 373 a 
0 . 0 437 a 
5 . 48 a 
6 . 2 2 a 
5 . 70 a 
5 . 30 a 
5 .  96 a 
1 0 0 . 0  a 
1 0 0 . 0  a 
1 0 0 .0 a 
1 0 0 .0 a 
Leaf Stage of Downy Brome When Treat ed* 
1 - 2  2- 3 3-4 5 
Fresh Shoot Weigh t (g) 
l. 556 9 a 1 . 6 553 a 0 . 6 2 0 2  a 3. 721 g  a 
l. 0 302 b l. 7953 a 0 . 86 6 9  a 3. 72 86 a 
0 . 56 34 c 0 . 6 452 b 0 . 42 53 b 3.7453 a 
0 . 2 6 43 cd 0 . 6 935 b 0 . 42 35 b 2 . 1 453 b 
0 . 1 500 d 0 . 36 85 b 0 . 2 0 74 b l .  7302 b 
Dry Shoot Weight (g) 
0 . 4011 a 0 . 4383 a 0 .142 2  b l. 01 42 a 
0 . 2 585 b 0 . 42 99 a 0 . 2 50 0  a l. 0 1 94 a 
0 . 1309 be 0 . 1 878 b 0 .12 74 b 1 . 0110 a 
0 . 0 550 c 0 . 2 2 2 0  b 0 .1 300 b 0 . 6 578 b 
0 . 0 32 9  c 0 . 1 2 50 b 0 .0 701 b 0 . 5534 c 
P lant Height (cm) 
1 0 .  72 a 10 . 2 5 b 9. 0 4  a 1 1 .  93 a 
9. 40 ab 11 . 42 c 9 . 75 a 11 . 85 a 
8 . 45 b 8. 75 c 6 . 2 8 b 11 . 6 5 a 
4. 82 c 9. 6 5  be 8. 82 a 9. 82 b 
4 . 30 c 6 . 77 d 4 . 37 b 9 . 6 8  b 
C oronal Root Growt h (%) 
10 0 . 0 a 10 0 . 0  a 100.0 a 1 0 0 . 0  a 
56 . 0  b 70 . 0  b 74. l b 87. 0 b 
49. 0 b 6 9 . 0  b 28. 0 c 71 . 0 be 
2 2 . 0  c 55. 0 b 54. 0 b 50 . 0  cd 
2 6 .0 c 2 0 . 0  c 45. 0 d 
5-6 
3. 3585 be 
4. 6 6 43 a 
3. 4553 b 
2 . 9553 c 
2 . 40 86 d 
0 . 932 6 b 
l. 2 939 a 
0 . 9783 b 
0 . 8791 be 
0 . 7955 c 
9. 80 b 
11 . 1 2 a 
10 . 2 8 ab 
11 . 1 0 a 
9 . 98 b 
1 0 0 . 0  a 
82 . 0  b 
51 . 0  c 
42 . 0  c 
45.0 c 
2 . 2 4  1 0 0 .0 a 21 . 0 c 
._•: Means followed by t he same let t er w� t hin a.colu
mn do not differ signi 
ficant ly at t he . 05 level by Duncan
s  Mult iple Range Test . 
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Acti vity of PPG .135 as Influenced by Growth Stage of Winter Wheat 
Centurk win ter wheat was treated with 1. 12 and 2 .2 4  kg/ha of PPG 
135 at the preemergence, 1, 2, 3, 4, 5, and 6 - leaf stages. P ost- emergence 
application of PPG 135 at 2.2 4 kg/ha reduced growth of winter wheat. A 
preemergence application of 2 .2 4  kg/ha did not reduce significantly shoot 
weight but did reduce coronal root growth and shoot length. Application 
of 1 . 12 kg/ha at any growth stage tended to in jure wheat (Table 2 ). Root 
injury was most severe when PPG 135 was applied post-
.emergence (Figures 1 
and 2 ) .  
In this ex periment, the winter wheat plants were moved t o  a growth 
chamber after sprayin g. Temperature in the growth chamber was maintained 
at 10° C to reduce microbial activity and increase the persistence of PPG 
135. This should identify the most tolerant growth stage of winter wheat 
to PP G 135. 
The decreased microbial activity increased persistence of PPG 135 ; 
therefore, the winter wheat was injured regardless of the stage of growth 
at time of treatment . I n  aI1 experiment using IPC, quackgrass seedlings 
incubated at 10 ° C and treated with IPC did not emerge while quackgrass 
seedlings incubated at 2 50 C had 80% emergence (19). This suggests that 
PPG 135 persisted longer in the winter wheat growth stage study due to 
the lower temperature. 
The cooler temperature reduced evapotranspiration and the need for 
frequent watering as was required in the downy brome growth stage study. 
Therefore, less leaching occurred and the herbicide was present
 at 
greater concentrations near the soil surface. 
Figure 1 .  Untreated Cen turk w in ter wheat showing normal 
primary root d evel opmen t. 
1 7  
Figure 2. In hibition of secondary roots by 2 . 24 k g/ha 
of PPG 135 to Centurk winter wheat . 
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Table 2 .  The effect on fresh shoot weight, dry shoot weight, plant 
height, and coronal roots of Centurk winter wheat treated 
with two rates of PPG 1 35 at six stages of growth. 
kg/ha of 
PPG 135 
0 
1 . 12 
2 . 2 4  
0 
1 . 12 
2 . 2 4  
0 
1. 12 
2 . 2 4 
0 
1 . 12 
2 . 2 4 
0 
0 . 851 3 a 
0. 830 4  a 
o. 6 397 a 
0 . 1211 a 
0 . 12 21 a 
0 . 11 40 a 
1 0 .  5 a 
1 0 . 7 a 
7. 7 b 
1 0 0 .  0 a 
6 8. 3 b 
52 . 5  b 
Leaf Stages of Winter Wheat When Treated* 
l- 2 2 - 3  3- 4  4- 5 
Fresh Shoot Weight (g) 
2 . 0 6 33 a 2 . 4498 a 5 . 0 561 a 
l. 56 90 ab l .  8839 b 4. 6938 a 
l. 0 537 b l. 552 0 b 4. 1021 b 
Dry Shoot Weight (g) 
0. 31 97 a 0 . 441 9 a 0 . 9456 a 
0. 2 76 8  ab 0. 3999 a 0 . 92 32 a 
0 . 2113 b 0. 342 8 a 0 . 810 9  b 
P lant Height (cm) 
1 5 . 3 a 
11 . 7  b 
9. 6 c 
1 5. 6 a 
1 3. 2 b 
1 2  . o b 
2 0 . 4 a 
1 9. 3 a 
1 6 . 8  b 
Coronal Root G rowth (% ) 
1 00 . 0 a 
52 . 5  b 
33. 6 c 
1 0 0 . 0  a 
2 4. 2  b 
6 . 1  c 
1 0 0. 0  a 
55 . 0  b 
39. 5 b 
5 . 91 33 a 
4. 532 2 b 
3 . 0 77 9 c 
1 . 1 431 a 
1 . 0 31 4  b 
o . 7734 c 
2 0 . 6 a 
1 8. 3 b 
1 5. 3 c 
1 0 0 . 0  a 
35.0 b 
1 5. 8 c 
5- 6 
5. 390 8 a 
5 .  0580 a 
3. 9861 b 
l .  0855 a 
l. 0 945 a 
0 . 930 6 b 
19. 5 a 
1 9. 2 a 
18. 0 a 
1 00 . 0 a 
53. 3 b 
2 7. 5  c 
* Means followed by the sam e letter in the same column are not signif i­
cantly different at the . 0 5 level using Duncan's New Multiple Range 
Test. 
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Act iv it y  of PPG 1 35 as Inf luenced by Temperat ure 
PPG 1 35 was most t oxic t o  downy brome at 1 8 . 3° C (Table 3) . The 
herbici de t ended t o  be more inhibit ory t o  downy brorne when appli ed at 
1 0 . 0 ° C t han at 2 6 . 7° C. The growth of downy brome was great er at 
1 8 . 3° C t han at 1 0 . 0  or 2 6 . 7 ° C.  PPG 1 35 is most eff ect iv e  when plant s 
are growing vi gorously (11). Furt hermore, mi crobial act iv it y  is great ­
er at warm t emperat ures t han at cool t emperat ures (1 4) . Therefore, 
f ield applicat ions should be made in lat e fall before cold t emperat ures 
inhibi t growt h or in early spring before warm t emperat ures slow growt h 
or increase microbial act iv it y. Downy brome cont rol would be increased 
because t he chemical would be act ive in t he soil longer at a period of 
rapid growt h. 
2 0  
Table 3. The ef f ect on f resh shoot wei ght , dry shoot weight , plant 
height , and coronal root s of downy brome t reat ed wit h PPG 
135 at t hree t emperat ures. 
kg/ha of 
PPG 135 
Copt rol 
2 .2 4  
Cont rol 
2 .24 
Cont rol 
2 .2 4  
Cont rol 
2 .2 4  
Temperature in Degrees Cent igrade* 
10 .0 18. 3 
0 .958 2 b 
o.4454 c 
0 . 18 42 b 
0 .1112 c 
9.5 c 
7.1 c 
10 0.0 a 
12 . 5  c 
Fresh Shoot Weight (g) 
Dry 
Shoot 
Coronal 
3. 8 054 a 
0 .8 553 b 
Shoot (g) 
0 .42 6 2  a 
0 . 1316 c 
Height (cm) 
19.8 a 
11.2 b 
Root Growt h 
10 0 . 0 a 
11. 5 c 
( % ) 
2 6 .7 
1.  0216 b 
0 . 6 70 7  be 
0 . 1914 b 
0 .1316 c 
13.2 b 
10 . 0 be 
10 0 . 0  a 
6 3.5 b 
* Mean f ollowed by t he same let t er in t he same column are not signifi­
cant ly dif f erent at t he . 05 lev el using Duncan's New Mult iple Range 
Test . 
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Activity of PPG 135 as I nfluenced by Depth of Seeding 
Toxicity to Centurk winter wheat with PPG 1 35 was reduced as depth 
of seeding was increased from 2 . 5  to 5. 0 cm. 
Application of 1 . 12 and 2 . 2 4 kg/ha of PPG 1 35 significantly reduced 
growth of winter wheat planted 2 . 5  cm deep. Injury tended to be less 
severe when PPG 1 35 was applied to wheat seeded 3 . 8 cm deep . No decrease 
in shoot weight or length resulted from treatment to wheat pl�nted 5. 0 
cm deep than wheat planted 2 . 5 or 3. 8 cm deep (Table 4). 
This experiment was done in a Hecla loamy , sand soil which had a 
clay content of 12%,  and organic matter content of 3. 0 % . Most soils 
seeded to winter wheat in South Dakota have a higher clay content than 
the Hecla, but have similar organic matter contents. Injury to wheat 
was reduced by increasing depth of seeding in the Hecla soil. Therefore, 
wheat planted in soils of equal organic matter content but higher in clay 
should show less injury. This postulation was further studied by 
laboratory experiments with five soils and is discussed in the following 
sections. 
Table 4. 
kg/ha of 
PPG 135 
0 
1 . 12 
2 . 2 4 
0 
1 . 1 2 
2 . 2 4 
0 
1 . 12 
2 . 2 4 
0 
1. 12 
2 . 2 4 
2 2  
The effect o n  fresh shoot weight, dry shoot weight, plant 
height, and coronal roots of Centurk winter wheat planted 
at three depths and treated with PPG 1 35. 
P lanting Depth of Centurk Winter Wheat (cm)* 
2 . 5 3 . 8 5 .0 
3. 5 8 56 a 
1 .  8 8 8 0  b 
1 . 7 96 8  b 
O .  8 321 a 
0 . 4561 c 
0 . 48 74 b 
1 6 . 4 a 
13. 4 b 
1 4. 1  ab 
1 0 0 . 0 a 
2 2 . 5 b 
1 6 . 2 b 
Fresh Shoot Weight (g) 
4. 0 8 36 a 
2 . 5 82 6  b 
3 . 16 30 b 
Dry Shoot Weight (g) 
0 . 921 9  a 
0 . 6 31 0 b 
0 . 5 8 8 6  b 
Shoot Height 
18 . 5  a 
1 6 . 6  a 
1 6 . 5  a 
(cm) 
Coronal Root G rowth 
100 . 0  a 
38 . 3  b 
37. 5 b 
(%) 
2 . 41 6 5  a 
2 . 2 2 6 6  a 
2 . 08 8 0  a 
0 . 530 6 a 
o • 52 39 a 
o . 4931 a 
16 . 6  a 
15 . 6  a 
15. 3 a 
1 0 0 . 0 a 
81. 8 b 
6 6 . 8  c 
*Means followed by the same letter in the same 
column are not signifi­
cantly different at the . 0 5 level using Dunc
an's New Multiple Range 
Test. 
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Act iv it y of PPG 1 35 as I nfluenced by Residue Barriers 
P reyious st udies indicated best cont rol of downy brome was obt ained 
whe n rPG 135 was applied at t he 2 - leaf stage of growth. An experiment 
was designed t o  det ermine t he effect of foliar applicat ion, droplet siz e 
and crop oil on cont rol of downy brome. PPG 135 was applied t o  downy 
brome growing in soil covered wit h vermiculite and t o  downy brome grow-
ing in soil wit hout t he v ermiculit e cov ering. 
Foliar applicat ions of PPG 1 35 did not inhibit growt h. Furt hermore, 
cont rol was not enhanced by vary ing droplet siz e or by the addit ion of 
crop oil . Howev er, coronal root injury was observed even though shoot 
weight and lengt h were not reduced. Applicat ion t o  bare soil decreased 
fresh shoot weight , dry shoot weight , shoot length, and severely in-
hibit ed coronal root dev elopment (Table 5). 
The result s of t his st udy are support ed by previous work wit h 
14c- IPC (2 ). I n  t hat st udy, root s absorbed twice t he level of 14c- IPC 
as intact leaves (2 ) .  Therefore, PPG 1 35 sh9uld be applied as a pre-
emergence t reatment or to y oung seedlings. 
Tillage pract ices such as stubble mulching leav e considerable crop 
residue on t he soil surface. This organic residue may prevent PPG 135 
from reaching the soil surface and decrease cont rol of downy brorne as 
did t he v ermiculite lay er. To determine t he effect of wheat st raw 
residue on control of downy brome, PPG 135 was applied t o  downy brome 
growing in bare soil and to soil covered with 0.475, 0.903, and 1 .8 0  
met ric t ons/ha of wheat straw (Figure 3). 
most inhibit ory t o  coronal root development if Again, PPG 1 35 was 
b 0·1 surface (Table 5). No t he chemical was applied to a are s i 
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significant diff erence occurred for weight of d ry roots, but injury tend-
ed to be_more severe when the herbicid e was applied to bare soil as 
opposed to application on soil covered with wheat straw (Table 6) . 
Table 5. The eff ect on fresh shoot weight, dry shoot weight, plant 
height, and coronal roots of d owny brome treated with PPG 
135 on bare soil and soil with a resid ue barrier. *  
Noz zle Size Crop Oil 
Fresh Weight of Shoots (g) 
8 002 
8 002 
8 00067 
8 00067 
Control 
+ 9. 2 liters/ha 
+ 9. 7 liters/ha 
Dry Shoot Weight (g) 
8 002 
8 002 
8 00067 
8 00067 
Control 
+ 9 . 7 liters/ha 
+ 9 . 7 liters/ha 
Plant Height (cm) 
8 002 
8 002 
8 00067 
8 00067 
Control 
+ 9.7 liters/ha 
+ 9. 7 liters/ha 
C oronal Root Growth (%) 
8 002 
8 002 
8 00067 
800067 
Control 
+ 9 . 7 liters/ha 
+ 9.  7 liters/ha 
Covered Soil 
0 . 592 9 ab 
0.5731 ab 
0 . 6648 a 
0. 54 8 0  abc 
0 . 098 6 ab 
0 . 0939 ab 
0.11 2 0  a 
0 . 091 4  ab 
0 . 5170 abed 
Bare Soil 
0.3218 cd e 
0.3972 bcd e 
0. 2 52 0  e 
0. 3108 d e  
0 . 0339 d 
0 . 0677 bed 
0. 04 51 d 
0. 0561 cd 
0 . 08 65 abc 
8. 73 a 
8 . 12 ab 
8 .40 ab 
7. 8 2  be 
70. 0 cd 
8 5. 6 be 
93. 6 ab 
8 5. 6  be 
7.4 4 c 
100 . 0  a 
6 . 2 3  d 
6. 4 0  d 
6.52 d 
5. 98 d 
41. 2 d e  
34 . 0  e 
2 6. 0 e 
2 5. 0  e 
1 t e not significantly d ifferent at * Means f ollowed by the same et er ar 
the . 05 level using Duncan's Multiple
 Range Test. 
Figure 3. The inhibition of PPG 135 activity by various rates of wheat straw. Roots of untreated 
Centurk winter wheat are on the viewer's left and roots of Centurk winter wheat treated 
with 2.24 kg/ha PPG 1 35 are on viewer's right. 
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Table 6. The effect on d ry root weight, and coronal root growth 
kg/ha of 
PPG 135 
Control 
2 . 2 4 
Control 
2 . 2 4 
of d owny brorne treated with PPG 135 on bare soil and soil 
with wheat straw resid ue. 
Metric tons/ha of Wheat Straw�·: 
0 0.4 52 0. 903 1 .8 0  
Dry Root Weight (g) 
0.637 2 0.61 32 0.52 71 0.552 8 
0.4 538 0.5506 0 . 4 7 8 2  0 . 4 345 
Coronal Root Growth (% )  
100 a 100 a 1 00 a 100 a 
42 b 100 a 100 a 8 8  a 
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*Means followed by the same letter d o  not d iffer significantly at the 
1% level accord ing to Duncan's Multiple Range Test. 
Activity of PPG 135 as Influenced by Clay and Organic Matter 
PPG 1.35 was tes.ted in five soils ranging from 8 to 79% clay and 
from 0 .  9 to 3.  9% organic matter. A d escription of the five soils is 
listed . 
Soil Series Clay Organic Matter pH 
Mad d ock fine, sand y loam 8 %  0 . 9% 8 . 1  
Hecla loamy , fine sand 12 % 3. 0 %  8 . 1 
G lenham silt loam 2 4% 2. 2 %  7. 1 
Samsil clay 78 % l. 6 %  7 . 7 
Opal Clay 79% 3 . 9% 7.9 
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The Madd ock soil was low in organic matter becaus� it was obtained 
1 meter beneath the soil surface. The Hecla soil was gathered at the 
surface and was higher in organic matter. The effect of organic matter 
could then be compared in soils low in clay . 
The Samsil soil was taken from a cut bank of P ierre shale. No 
vegetation was apparent at the sampling d epth. In this manner, a soil 
high in clay but low in organic matter was obtained . 
The Opal soil was equal to the Samsil in clay but was higher in 
organic matter. The G lenham soil series had a moderate clay and organic 
matter content, 2 4% and 2 . 2 %, respectively . 
PPG 135 was least toxic to winter wheat in the Opal and Hecla soil 
(Figures 4C, 4A) . These soils had higher organic matter contents than the 
other soils. The Mad dock and Samsil soils were lowest in organic matter 
content and injury to wheat growing in these soils appeared to be great-
er than inJ·ury to wheat growing in the other three soils (Figures 4B 4D) ' . 
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The clay and organic matter content affects not only the efficacy 
of weed control of a herbicid e, but also the potential for crop damage 
and environmental pollution (2 9) . Movement of PPG 1 3 5  was evaluated in 
the Mad dock, Hecla, Glenham, and Opal soils. 
Wheat seedlings were used as a bioassay to·monitor movement of the 
chemical. The soil columns were d ivided into four 1 0 . 2  cm intervals. 
Wheat seedlings in each interval were counted to monitor movement of 
PPG 135.  
PPG 135  inhibited emergence of winter wheat in the upper 1 0 . 2  cm of 
all soils tested. This correlates with data showing penetration of IP C 
to a d epth of 1 2 . 7  cm or more in a moist soil (17 ) . 
Wheat seedlings were present 1 0 . 2  to 2 0 . 3  cm d eep in the Hecla, 
Glenham, and Opal soil series but not in the Mad d ock soil series. The 
Madd ock soil tested 8 %  clay and 0 . 9% organic matter. 
More seedlings were present in all soils at a d epth of 2 0 . 2  to 
3 0 . 4  cm.· However, the Mad d ock soil series tended to have fewer seed ­
lings. At this d epth the Opal soil had the greatest number of seedlings. 
This soil had the highest clay and organic matter content of the soils 
tested . Equal numbers of seedlings were present in the Hecla and Glen­
ham soils. Evidently , the higher organic matter content of the Hecla 
soil was offset by the higher clay content of the Glenham soil. 
The greatest number of winter wheat seedlings were in the 3 0 . 4  to 
40 .6 cm d epth. Leaching of PPG 1 3 5  tended to be greater in the Mad d ock 
soil followed by the Hecla, Glenham and Opal soils . The Hecla soil, 
1 2 %  clay and 3 . 0 % organic matter, tend ed to have fewer seedlings than the 
Glenham soil which has 2 4 %  clay and 2 . 2 % organic matter. The number of 
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seedlings increased even more in the. Opal soil which was 79% clay and 
3.S% organic matter. Data in Table 7 ind icates that PPG 135 is mobile 
over a wide range of organic matter and clay contents . Under field 
cond itions, application of PPG 135 may have to be increased or d ecreased 
d epending upon the clay and organic matter content of the soil . 
Another portion of this stud y was to test effect of soil water 
.content on the leaching potential of PPG 135 in these four soils. One 
ml of PPG 135 was leached with equal amounts of water into columns con­
taining the Mad dock, Hecla, Glenham, and Opal soil series at field 
capacity and 3/4 field capacity . 
PPG 135 was equally mobile at field capacity and ?/4 field capacity 
in the Mad d ock soil. The herbicid e  m oved significantly d eeper in the 
Hecla soil at field capacity than in the Hecla soil at 3/4 field 
cap?city. PPG 135 d id not m ove as d eep in the G lenham and Opal clay 
soils saturated to field capacity as opposed to 3/4 field capacity 
(Table 8 ) .  P erhaps the soil water differential was not great enough to 
get a true ind ication of the effect of soil m oisture on leaching. 
Movem ent of PPG 135 within a soil was-affected by the amount of 
water applied with the chemical ( Table 9). PPG 135 leached signifi­
cantly d eeper in the Hecla and Mad d ock soils as compared to the Glenham 
and Opal soil series when applied in 30 0 ml of water. Movement of PPG 
135 corresponds with the low clay content of the Hecla and Mad d ock soils 
as com pared to the higher clay content of the Glenham and Opal soils. 
PPG 135 applied in 150 ml of water moved significantly less in the Opal 
soil as opposed to the other soils tested . Movem ent was restricted by 
30 
the high cla y and organi c ma tter content of the Opal soil. 
Und er - fi eld condi tions, 150 and 30 0 ml of water add ed to the soil 
colwu ns would correspond to 4 . 4 and 8 . 4  cm of rainfall. These results 
suggest that PPG 1 35 moves d eeper i nto the soil profile wi th i ncreased 
ra infall. Mov em ent of the chemi cal i s  not as ex tensive in soils hi gh 
i n  clay a nd organic matter as compared to san dy soils with l ow organi c  
I 
matter con tents ( Table 8 ). In a sandy soi l wi th rain fall of suffi ci ent 
i nt ensity a nd dura ti on, PPG 135 could leach i nto the root z one of wi nter 
wheat. Howev er, most of the soils planted to wi nter wheat in South 
Da kota hav e a substantial am ount of clay and organi c ma tter. Thi s would 
tend to reduce mov ement of the h erbici d e. 
A B 
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Figure 4. Root devel opment of Centurk winter wheat growing in the Hecla, Mad d ock, Opal , an d 
Samsil soil s trea ted wi th PPG 135 .  
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Table 7. The effe ct of soil moisture on t he movement of PPG 135 through four so ils as 
measured by the nwnber of seedlings growing at various intervals . * 
Number of Seedl ings Per Interval+ 
So il 2 . 5-1 0. 2 1 0. 2 -20. 2 20. 2-30. 4 30. 4- 40. l 
Series Che ck Treated Che ck Treated Che ck Tre at ed Check 
--
MADDOCK 13. 5 a-d 0 f 15. 0 abc 0 f 16. 0 a 4. 0 e 16 . 0  a 
HECLA 10. 0 a-e 1 f 13. 5 a-d 4. 0 e 14. 5 abc 1 0 . 0  abc 1 4. 5  a-c 
GLENHAM 16. 0 a 0 f 16. 0 a 4. 5 e f  1 5 .  5 ab 9 . 5  b-f 14. 0 a- d 
OPAL 16. 0  a 0 f 16. 0 a 6. 0 de f 16. 0 a , 13. 0 abc 16. 0 a 
+Each soil column was divided into four equal intervals of 10. 2 cm . 
*Means followed by the same letter do not di ffer s i gn ifi cantly at the . 05 level us ing 
Duncan ' s  Mult iple Range Test . 
Treated 
7. 5 b-f 
10. 0 a-e 
1 2 . 0 abc 
16. 0 a 
CJ.) 
l'V 
Table 8 .  The effe ct of soil mois ture on the movement of PPG 1 3 5  through four soils at 
field capacity and 3 / 4  field capacity with a solut ion containing 1 ml PPG 1 3 5 .* 
Number of Seedlings Per Interval+ 
2 . 5-10 . 2  1 0 . 2 - 2 0 . 2  2 0 . 2 - 30 . 4  3 0 . 4- 4 0 . 6  
Soil Field 3/4 Field Field 3 /4 Field Fie ld 3 /4 Field Field 
Series Capacity Capacity Capacity Capacitz._ Capacity Capacity Capa city 
MADDOCK 7 . 5  e 6 . 0  f 7 . 0 e 8 . 0 e 1 0 . 0 cde 10 . O  cde 11 . 5 cd 
HEC LA 5 . 0  g 6 . 0  f 8 . 0  e 9 . 5 c-f 12 . 0  be d 1 2  . 5  ab c 1 2 . 0  cd 
GLENHAM 8 . 0  e 8 . 0  e 11 . 5 bed 9 . 0 d-g 12 . 5 abc 11 . 5 cd 14 . 0  ab 
OPAL 8 . 0  e 8 . 0  e 12 . 0  bed 10 . 0  cde 13 . 5  ab 1 5 . 5  a 1 5 . 5  a 
+Each soil colwnn was divide d  into four equal intervals of 1 0 . 2  cm . 
*Means followed by the same letter do not di ffer s ignificantly at the . 0 5 l evel us ing 
Duncan ' s  Multiple Range Test . 
3 / 4  Field 
Capacity 
12 . 0  b ed 
1 2 . 5  abc 
1 2 . 0  bed 
1 2 . 0  bed 
w 
w 
Table 9 .  The e ffect o f soil mo isture on the movement o f  PPG 1 3 5  through four soils leache d 
wit h 1 5 0  or 3 0 0  ml of water cont aining 1 ml of PPG 13 5 . * 
Number of Seed� ings Per Interval+ 
So il 2 . 5-10 . 2  10 . 2- 2 0 . 2  2 0 . 2 - 30 . 4  30 . 4-40 . 6 
Series 1 5 0  3 00 1 5 0  3 0 0  1 5 0  3 0 0 1 5 0  3 0 0  
MADDOCK 6 . 0  d 7 .  5 cd 7 . 5  cd 7 .  5 cd 12 . O a-d 8 .0 cd 14 . 5 ab 9 . 0  a-d 
HECLA 5 . 5  d 5 . 5  d 10 . 5  a-d 7 . 0  cd 13 . 5 ab c 11 . 0 a-d 1 3 . 5 abc 1 1 . 0 a-d 
GLENHAM 8 . 0  c 8 . 0  c 9 . 0 a-d 11 . 5 a-d 14 . 0  abc 10 . 0 a-d 14. 5 ab 11 . 5 a-d 
OPAL 8 . 0  c 8 . 0 c 13 . 5 ab c 8 . 5  be 15 . 5 ab 1 3  . 5  ab c  16 . 0  a 1 5 . 5 ab 
+Each so il column was divided into four e qual intervals of 10 . 2  cm . 
*Means followed by the same letter do not differ s ignifi cantly at the . 0 5 
level us ing Duncan ' s  Multiple Range Test . 
w 
+ 
SUMMARY AND CONCLUS I ONS 
PPG 1 3 5  may prove to be effe ctive in controll in g  downy brome in 
winter wheat . Howeve r ,  thi s  inves t igat ion indi cated that maximum e f­
fectiven e s s  with the herbicide can be att ained only under cert ain 
condit ions . 
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De compos it ion of PPG 135  by microorgan i sms red uced act ivity of the 
herbici de in the soil . There fore , for succe s s ful cont rol downy brome 
must be controlled before de gradat ion of the compoun d .  This woul d im­
ply that appl i cat ion s hould be made in late fall or e arly spring when 
so i l  temperatures are low and microbial activity is re duce d .  
Downy brome and winter wheat i s  most suscept ible to PPG 1 3 5  in the 
1 to 3 -leaf s tage . Late fal l or early spring app l i cati on s  wo uld be mos t  
toxic be cause t he we ed is  i n  a s us cept ible growth stage and t h e  lower 
temperat ures increase persis ten ce of t he chemical . 
PPG 1 3 5  i s  mos t act ive i f  applied when roots are develop ing and 
are near the s oil s urface . Root inhibit ion makes downy bro me le s s  com­
pet i t ive be caus e t he abil ity of the plant to obt ain wate r  an d nutrient s 
is  re duce d . Thi s allows winter wheat t o  be come e s t ab l ished be fore downy 
brome re duces yield pot ent ial . 
Foliar appli cat ions of PPG 1 3 5  did not provide e ffect i ve control , 
but app licat ion to bare soil di d redu ce growth . Surface res idue also 
re duce s  herbi cidal act ivity ; evidently , the herb i cide is prevented from 
movin g into t he soil . Decreased control re sults under the se condit ions . 
PPG 1 35 must be come incorporat ed into the root zone t o  be e ffe ct ive . 
PPG 1 3 5  with rainfall o f  suffi cient durat ion and inten s ity will 
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move through. a s o i l  profil e . Inj ury to winter whe at will o ccur i f  PPG 
1 35 moves into the root zone . Howeve r ,  movemen t  is restricted in the 
s.oil , apparent ly· be cause. the herb icide is absorbe d  onto clay colloids 
and organic m at ter . Inj ury can be reduced or prevente d  i f  whe at is  
plant ed deeper in t he so il . 
PPG 135 can e ffe ct ive ly control downy brome i f  appl ie d un der 
specific condit ions . The growth s tage of downy brome and win t e r  whe at , 
soil t emp erature , pe rcent clay and organ i c  matter , s e eding depth , and 
ground co ver influence effe ct iveness  of t he herbic id e . 
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